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COMPUTERS I N  C I V I L  E N G I N E E R I N G  I N  THE ' WORLD O F  TODAY AND 

I am pleased to have the opportunity to address this 

conference and to commend the American Society of Civil 

Engineers f o r  increasing the engineering community awareness 

to the development and use of computers to the practice of 

c i v i l  engineering. 

Obviously, great effort must continue to be concentrated 

on improving the state-of-the-art of applying computers to 

the civil enginee.rfng field. 

GAO has developed a deep appreciation of the 

contribution that engineers make in terms of increasing 

not only the quantity of goods and services we produce, 

but also the quality of the lives we lead. The challenges 

of coping with the energy crisis, controlling inflation, 

accelerating the rate of technological innovation, and 

improving our  productivity impose particularly heavy 

demands on the analytical tools and t h e  problem-solving 

capabilities of t h e  Nation's engineers. 
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GAO has been interested in the use of computers in civil 

engineering for the past decade. I n  1971 we participated in 

the National Science Foundation's special workshop bn 

Engineering Software Coordination. The objective of the 

workshop was to develop specific recommendations for a 

policy concerning the transfer and utilization of computer- 

based technology specifically applicablG t o  civil engineering 

and building construction and also applicable to the general 

practice of  engineering. Out of that workshop came a 

recommendation for a National effort to develop a mechanism 

for the coordination of engineering software. 

During 1973 and 74 we participated in a National Science 

Foundation study c a l l e d  "Definition of a National Effort to 

Promote Dissemination of Software in Civil Engineering and 

Building Construction." In 1975 the study report recommended 
_ -  

t h a t  a National Institute for Computers in Engineering be 

established to promote effective use of computers and s o f t -  

ware in civil engineering. A s  far a s  I know, this 

recommendation was never acted on. 

During the past decade, GAO has issued many reports 

relating to the use of computers in engineering projects. 

Issues have run a broad gamut from improving the safety 

of our Nation's dams to the use of computers in building 

design. O u r  latest report discusses problems architect- 

engineer firms experience when they use or try to use 
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computer aids in Federal design work. This report shows 

that computer-aided engineering methods open new areas 

for improving building design and lowering building costs. 

Today our  Nation has nore capabilities in science, 

technology, and engineering than we ever had before. 

However, we are using only a small persentage of o u r  

computer and engineering expertise. By more fully using 

computers, civil engineers could greatly improve the well.- 

being of their companies, and help our Nation solve sone 

of i t s  more pressing problems in energy, and reverse the 

productivity slump of our  Nation's workers. 

Engineers have been using the computer since the early 

1 9 5 0 ~ ~  when structural engineers began applying the com- 

puter to structural analysis problems. Over the years, a 

g r e a t  number of computer programs of all types have been 

written for building design engineering applications. 

Yet, the computer's role in the design process has changed 

very little. It is still used primarily to solve mathe- 

matical engineering analysis problems, much the same a s  it 

was used in the 1 9 5 0 s .  Use of  the computer where the full 

potential of the interactions of man, software, and hardware 

systems are realized has not yet been achieved. 

On the other hand, the computer has rarely been applied 

to architectural design work. While many firms have 
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terminals and u s e  computer time-sharing services, not nany  

firms have actively tried to use the computer to d o  design 

work. 
- T 

In recent years there has been increasing pressure to 

save both time and money in the development of new facilities. 

At the same time there have been pressures to conserve energy, 

t o  consider life-cycle costs when acquiring new facilities, 
m 

and to iaprove the ability of buildings to fulfill needs 

and national objectives. Design professionals state that 

all of these concerns tend to lengthen the time it takes to 

design a new building as well as increase the total cost of 

design and construction. 

The energy crisis of 1974 and the realization that we 

m u s t  conserve energy have sharply affected building design. 

The clear design objective now is to reduce the energy that 

w i l l  be consumed by the structure over its entire operating 

life. It is our perception--a perception shared by many 

others in the field--that the building industry in the 

United States can make better use of computers to design, 

construct, and operate energy-efficient buildings. Such 

buildings will consumft substantially l e s s  energy without 

any basic impact on the building users. Also, they will 

conserve more energy by conserving building materials, 

thereby saving some of the energy consumed in the pro- 

duction of building materials and supplies. 
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The ways i n  which we c o n s t r u c t  a b u i l d i n g  o r  f a c i l i t y  a r e  
_ r  

c h a n g i n g  and w i l l  p r o b a b l y  c o n t i n u e  t o  do so .  T h e s e  c h a n g e s  

a f f e c t  a l l  s t a g e s :  j u s t i f i c a t i o n s ,  p l a n s ,  d e s i g n s ,  management 

o f  c o n s t r u c t i o n ,  a n d ,  f i n a l l y ,  management of  a s t r u c t u r e  once  

i t  i s  i n  u s e .  Today,  c o n s t r u c t i o n  coasts a r e  s k y r o c k e t i n g ,  

t h e  q u a l i t y  of  b u i l d i n g  d e s i g n  i s  c r i t i c i z e d ,  and t h e r e  is  

a n a t i o n a l  c o n c e r n  a b o u t  e n e r g y  c o n s u m p t i o n  of b u i l d i n g s .  

T h e s e  f a c t o r s  e x e r t  p o w e r f u l  i n f l u e n c e s  t h a t  p o i n t  t o  

t h e  need  fo r  s t u d y i n g  c h a n g e s  i n  e n g i n e e r i n g  and c o n s t r u c -  

t i o n  p rac t i ces ;  i n  d e s i g n  m e t h o d s ,  e m p h a s i s ,  and c o n c e p t i o n ;  

and i n  o c c u p a n c y  and  u s e .  W e  need  t o  c o n c e n t r a t e  t h e  f u l l  

knowledge and  e x p e r i e n c e  of a l l  seg iaen t s  o f  our  s o c i e t y  

on  d e v e l o p i n g  i n s i g h t s  and  l a y i n g  o u t  a p p r o a c h e s  t h a t  

will h e l p  o u r  c o u n t r y  and t h e  w o r l d  t o  b u i l d  b e t t e r  

e n v i r o n m e n t s - - e n v i r o n m e n t s  t h a t  a r e  n o t  o n l y  a f f o r d a S l e  

but t h a t  w i l l  a l s o  improve  t h e  q u a l i t y  of p e o p l e ' s  l i v e s .  

A f f o r d a b i l i t y ,  now and  i n  t h e  f u t u r e ,  i s  c l o s e l y  

re la ted  t o  p r o d u c t i v i t y .  Improv ing  t h e  q u a l i t y  o f  l i f e  by 

e n l a r g i n g  and r e f i n i n g  t h e  b u i l d i n g  i n d u s t r y  d e p e n d s  

l a r g e l y  on  a f f o r d a b i l i t y  and  on  t h e  q u a l i t y  o f  p l a n s  and 

d e s i g n s .  T h u s ,  w e  s h o u l d  i n c r e a s i n g l y  s t r i v e  f o r  b e t t e r  

d e s i g n  and look f o r  ways t o  i n c r e a s e  p r o d u c t i v i t y .  

The r e a s o n s  f o r  s e t t i n g  s u c h  g o a l s  a r e  s u b s t a n t i a l .  I t  

i s  e s s e n t i a l  t h a t  w e  r e a l i s t i c a l l y  e v a l u a t e  t h e  i m p a c t  of 

d e s i g n  and c o n s t r u c t i o n  o n  t h e  economy o f  t h e  c o u n t r y  a s  a 

whole .  
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The building industry is one of  the largest in the Nation. 

Almost 5 percent of the American work force is employed by 

or is dependent upon this industry for its livelihood. 
- 

It accounts for nearly 10 percent of the Nation’s annual 

gross national product. In comparison, the automobile and 

steel industries, combined, contribute about 5 percent. 

The building industry impacts heavily on national policy 

objectives and Federal programs. It plays a key role in 

several major national goals, such as stable economic growth; 

reduction of  energy consumption; housing; and development 

of public transportation, education, health, sanitation, and 

recreation facilities. I believe you would agree that the 

use of computer technology in your industry greatly enhances 

your ability to accomplishing your  goals. ... 

Over the short period of 30 years, the computer has 

made amazing advances. Computers have evolved from very 

large to very small machines, from very expensive t o  very 

inexpensive machines, and from vacuum tubes to integrated 

circuits on silicon chips. Since the chip logic started 

a revolution within the computer industry, many new 

products have been made possible. The impact on society 

has been tremendous. Microcomputers or processors are used  

i n  watches, calculators, automobiles, sewing machines, cash 

registers, and ovens, to name but a few examples. 
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Exterlsive growth, refinement, and expansion of 

advanced technology are accompanying the introduction of  

computers into a widening variety of activities. Designers, 

prominent among those seeking ways t o  improve their tech- 

niques, are turning to the computer, and numerous products 

are now being designed with its assist$nce. For exar2le, 

computer aids are being used extensively in the design of 

circuits, missiles, motors, automobiles, and telephone 

equipment. 

Notable savings and increases in efficiency and pro- 

ductivity have been achieved through the use of  computer 

technology in design. Diverse applications and functions 

can be accomplished a t  speeds and with accuracies that far 

exceed unaided human abilities. The end is'not yet in sight, 

a s  the variety o f  computer uses continues t o  broaden and 

becomes accessible to even the smallest organization. 

Civil engineers must move to more efficient use of com- 

puters to help them design and draft or lose out. It is the 

only way to be competitive. Engineers using manual methods 

are using a n  obsolete technology. For example, it c o s t s  

about $15.00 to produce a final drawing manually but only 

about $3.00 t o  produce the same drawing with a computer. 

Why then, don't more civil engineers use computers to 

design and draft? I believe it is for three important 

r easons :  
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l .  T h e  l a c k  o f  computer  p rograms  ( s o f t w a r e )  aimed 

s p e c i f i c a l l y  a t  t h e  p r a c t i c e  of  c i v i l  

e n g i n e e r i n g  and  b u i l d i n g  c o n s t r u c t i o n .  
r 

2 .  The l a c k  o f  i n f o r m a t i o n  o r  c o s t  c o m p a r i s o n s  

t o  d e m o n s t r a t e  how much money can b e  s a v e d  

by a u t o m a t i o n .  
* 

3 .  T h e  h i g h  cos ts  o f  computer  hardware .  I n  t h e  

p a s t ,  computer  s y s t e m s  c o s t  f rom $ 5 0 , 0 0 0  t o  

s e v e r a l  m i l l i o n  d o l l a r s .  C i v i l  e n g i n e e r i n g  

f i r m s  u s u a l l y  a r e  s m a l l  and  h a v e  l i t t l e  

c a p i t a l ,  and are  t h u s  u n w i l l i n g  t o  make s u c h  

a l a r g e  i n v e s t m e n t .  

Computer c o s t s  h a v e  now come down and c a n  f r e e  

a l l  t y p e s  of  e n g i n e e r s  from monotonous t a s k s  which w i l l  

g i v e  them more t i m e  t o  be c r e a t i v e .  With compute r - a ided  

d e s i g n  and /o r  compute r - a ided  d r a f t i n g ,  e n g i n e e r s  can s k e t c h  

d e s i g n s  on t e r m i n a l  s c r e e n s  and l e t  c o m p u t e r s  c r e a t e  f i n a l  

d r a w i n g s .  They c a n  h a v e  t h e  co inpu te r s  a s s e m b l e  t h e i r  

p a r t s  on  c i r c u i t s  and s i m u l a t e  t h 2  way t h e y  a c t u a l l y  would 

work. It's a n  i m p o r t a n t  s t e p  toward  " p a p e r l e s s "  p r o d u c t i o n  

s i n c e  t h e  c o m p u t e r s  c o n v e r t  d e s i g n  i n t o  coded  form t o  r u n  

a u t o m a t e d  m a c h i n e r y  i n  m a n u f a c t u r i n g .  

Today, advanced  r e s e a r c h  is g o i n g  on i n  computer  

a n a l y s i s  o f  p h o t o g r a p h s  t h a t  is e x p e c t e d  t o  f a c i l i t a t e  t h e  

f u t u r e  s t u d y  of n a t u r a l  r e s o u r c e s ,  m e d i c i n e ,  and e n g i n e e r i n g .  
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Research on i n d u s t r i a l  p o l l u t i o n  on f o r e s t s ,  cancer 

d i a g n o s i s ,  and t h e  d e t e c t i o n  of s t r e s s  i n  b u i l d i n g  c o n s t r u c t i o n  . 

a r e  t h r e e  a r e a s  where t h e  computer nay be app l i ed .  

The primary emphasis of one r e sea rch  p r o j e c t  i s  on 

measuring l i g h t ,  w h i c h  d i r e c t l y  provides  information from 

atoms and molecules a s  i n  t h e  f i e l d  o fpspec t roscopy.  

Up t o  now, " t h e  reading of p i c t u r e s  by con2uters"  tech-  

nique has  been l i m i t e d  rcostly t o  remote sens ing  by s a t e l l i t e s  

and some medical and t e c h n i c a l  engineer ing  c a l c u l a t i o n s .  

A s  w e  noted be fo re ,  t h e  computer na rke tp l ace  i s  r a p i d l y  

changing. Hardware cos ts  have decreased d rama t i ca l ly .  Nore 

computer programs ( so f tware )  a r e  becoming a v a i l a b l e  f o r  use 

by c i v i l  engineers .  Computer programs have been developed 

f o r  s o p h i s t i c a t e d  computer g raph ic s  s y s t e n s  t o  t r a n s l a t e  

s t r u c t u r a l  engineer ing and environmental  d a t a  i n t o  p i c t u r e s .  

The g r a p h i c s  d i s p l a y  can show t h e  pre l iminary  design w i t h  

and without  i n t e r i o r  l i n e s  d i sp layed .  The  system also 

c r e a t e s  a computerized drawing of t h e  bu i ld ing  and d i s p l a y s  

it in whatever p o s i t i o n  or  background scene t h e  des igner  

chooses. The  programs i n  t h e  system can a l s o  e s t i m a t e  a 

b u i l d i n g ' s  annual energy consumption, given occupancy and 

geographical  l o c a t i o n .  

According t o  r ecen t  computer magazines, t h e r e  a r e  more 

and more eng inee r s  working on sof tware  development. Surveying 

and mapping software is now f a i r l y  s o p h i s t i c a t e d ,  and i n  



r e c e n t  y e a r s  s o f t w a r e  h a s  been developed  f o r  p i p e  r o u t i n g  

and some flow d iag rams .  
- -.- 

Programs e x i s t  f o r  e v e r y  e n g i n e e r i n g  d i s c i p l i n e ,  b u t  

l o c a t i n g  them and e v a l u a t i n g ,  and a d a p t i n g  t h e m  f o r  i n d i v i d u a l  

p u r p o s e s  i s  sometimes more d i f f i c u l t  t h a n  t o  wr i te  a new one .  

We do  need a c e n t r a l  c l e a r i n g h o u s e  f o r  programs.  
* 

Perhaps ,  t h e  most  encourag ing  s i g n  f o r  t h e  c i v i l  

e n g i n e e r i n g  community is t h e  i n c r e a s e  i n  c i v i l  e n g i n e e r i n g  

s t u d e n t s  a n d  g r a d u a t e s  t h a t  a r e  f a m i l i a r  w i t h  con?puter 

science.  

The new g r a d u a t e s  w i l l  be less  r e s i s t a n t  t o  u s i n g  t h e  

computer i n  t h e i r  w o r k ,  Even more i m p o r t a n t  will be t h a t  t h e  

new g r a d u a t e s ,  b e i n g  f a m i l i a r  w i t h  bo th  c c n p u t e r s  and e n g i n e e r -  

i n g  a p p l i c a t i o n s ,  w i l l  be  a b l e  t o  d e v e l o p  t h e  needed s o f t w a r e .  

F i n a l l y ,  t h e  new c a p a b i l i t i e s  o f  t h e  desk - top  computer w i l l  

b r i n g ,  I am sure,  many changes  t o  t h e  small  c i v i l  e n g i n e e r i n g  

f i r m s .  Today, desk- top  computer sys t ems  a r e  a v a i l a b l e  f o r  a s  

little as $ 2 0 , 0 0 0  and t h e  p e r s o n a l  o r  b u i l d - i t - y o u r s e l f  computers  

a r e  u n d e r  $ 1 , 0 0 0 .  A n d  w i t h  p r e e s t a b l i s h e d  s o f t w a r e  program 

packages ,  few a d d i t i o n a l  computer p e r s o n n e l  w i l l  be needed. 

U n t i l  r e c e n t l y ,  t h e  U n i t e d  S t a t e s  was p e r c e i v e d  a t  home 

and ab road  a s  an e n t e r p r i s i n g ,  i n n o v a t i v e  and h i g h l y  e f f i c i e n t  

n a t i o n  t h a t  en joyed  t h e  h i g h e s t  s t a n d a r d  o f  l i v i n g  i n  t h e  
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world. Our p r o d u c t i v i t y  p r a c t i c a l l y  doubled durincj t h e  f i r s t  

two decades fol lowing World War 11. A s  a r e s u l t  no t  only 

were we a b l e  t o  achieve much b e t t e r  l i v i n g  cond i t ions ,  but 

also bel ieved w e  could a f f o r d  ex tens ive  fo re ign  a i d  p l u s  

ambitious domestic programs. Unhappily, t h e  t rend  of n a t i o n a l  

p r o d u c t i v i t y  has  f a l t e r e d  d u r i n g  t h e  p a s t  decade. I n  f a c t ,  

r ecen t  s t a t i s t i c s  i n d i c a t e  t h a t  i n  1 9 7 9 ,  U . S .  p r o d u c t i v i t y  
* 

n o t  on ly  showed no improvement, bu t  showed an a c t u a l  d e c l i n e .  

The c o s t  of our r ecen t  p r o d u c t i v i t y  s t a g n a t i o n  has  been 

enormous. I t  has  c u t  deeply i n t o  t h e  growth of our Gross 

Nat ional  Product and caused an acce le ra t ed  pace of  i n f l a t i o n ,  

a weakened p o s i t i o n  i n  i n t e r n a t i o n a l  t r a d e ,  g r e a t e r  s o c i a l  

t ens ions ,  and--most troublesome of all--reduced confidence 

i n  ou r se lves  and our  i n s t i t u t i o n s .  We a r e  a l l . a w a r e  of t he  

importance and impl i ca t ions  of t h i s  l a s t  p roblen .  Now w e  

m u s t  respond through a concerted e f f o r t  i n  both t h e  pub l i c  

and p r i v a t e  s e c t o r s .  

T h i s  awareness is r e c e n t .  Not long ago our g r e a t e s t  

cha l lenge  was t o  convince t h e  e x e c u t i v e  branch and t h e  

Congress t h a t  t h e  d e c l i n e  i n  p r o d u c t i v i t y  improvement was a 

s i g n i f i c a n t  economic problem. T h i s  h a s  changed. Fo r tuna te ly ,  

t h e  s t agna t ion  of  our p r o d u c t i v i t y  i s  now recognized i n  both 

Government and bus iness  c i r c l e s .  

The two most r ecen t  annual r e p o r t s  of  t h e  Council of 

Economic Advisers s t r e s s e d  t h e  importance of p roduc t iv i ty .  

i 

i 

i 
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Top a d m i n i s t r a t i o n  o f f i c i a l s  have  spoken  o u t  on t h e  p rob lem.  

I n  J a n u a r y ,  P r e s i d e n t  C a r t e r  warned t h a t  t h e  p r o d u c t i v i t y  

slowdown h a s  " r e a c h e d  s e r i o u s  p r o p o r t i o n s , "  and t h a t  " w i t h  

p r o d u c t i v i t y  g rowth  a t  a low e b b ,  l i v i n g  s t a n d a r d s  w i l l  n o t  

r i s e  a s  f a s t  a s  t h e y  h a v e  i n  t h e  p a s t  two y e a r s . "  

tie now a l s o  f i n d  u n p r e c e d e n t e d  i n t e r e s t  i n  p r o d u c t i v i t y  
a 

on  C a p i t o l  H i l l .  The J o i n t  Economic Commit tee  h a s  c a l l e d  

o u r  s l u g g i s h  p r o d u c t i v i t y  g rowth  " t h e  most  i m p o r t a n t  f a c t o r  

c o n t r i b u t i n g  t o  o u r  p r e s e n t  economic  m a l a i s e , "  and  numerous 

committees and members of C o n g r e s s  a r e  s p e a k i n g  o u t  and  

c a l l i n g  f o r  a c t i o n  on  v a r i o u s  p r o d u c t i v i t y  a s p e c t s .  

L e t  u s  € o r  a m i n u t e  o r  s o  t ake  a q u i c k  l o o k  a t  how 

f o r e i g n  c o m p e t i t o r s  a r e  u s i n g  e n g i n e e c s  t o  d e s i g n  new 

ways t o  do  t h i n g s  t o  i n c r e a s e  t h e i r  n a t i o r , s '  p r o d u c t i v i t y .  

Looking i n s i d e  a n  a u t o m o b i l e  a s s e m b l y  p l a n t ,  a v i s i t o r  

l o o k s  p a s t  l i n e s  o f  moving c a r s ,  down a i s l e s  t h e  l e n g t h  of  

a f o o t b a l l  f i e l d ,  and  sees  no  o n e .  Here a n d  t h e r e  a r e  

sma l l  g r o u p s  o f  w o r k e r s  w a t c h i n g ,  i n  case t h e  m a c h i n e s  a n d  

c o m p u t e r s  do  someth ing  wrong. O c c a s i o n a l l y ,  one  s p o t s  a n  

employee  a c t u a l l y  t o u c h i n g  h a n d s  t o  t h e  c a r  t h a t  i s  b e i n g  

made. 

B u t ,  t h i s  i s  a n  e x c e p t i o n .  N ine ty - seven  p e r c e n t  o f  t h e  

w o r k  i n  t h e  Da t sun  Motor Company's Zama p l a n s  i s  pe r fo rmed  

by  c o m p u t e r s  a n d  m a c h i n e s ,  making i t  t h e  w o r l d ' s  mos t  
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automated car assembly plant. On an average Clay more than 

1 , 3 0 0  cars come rolling off the production' line. On an 

average shift, the plant is run by about 70 workers. 

Instead of people, there are robots, computers, and 

automation, doing the work and bringing the parts together. 

Roofs are welded tight to the body and doors are bolted 

on without anyone even bothering to waech. Tiny television 

cameras tell computers when the parts supplies are dwindling 

and new batches are rolled automatically into place. 

In the past two decades much of the Japanese superiority 

in everything from television sets to steel sheets has 

been attributed to the supposedly happy, little worker 

who loyally does  his company's work and plays golf on 

the company's course i n  off-hours. 

But this may not be so. Japan now is replacing those 

cheerful workers with computers and macbines or assigning 

them to watch and repair the automated t o o l s .  The result 

is a steadily rising productivity that is the envy of all 

the industrial world. 

An authority on Japanese industry for the Economist 

magazine recently surveyed the state-of-the-art in Japan 

and compared a Japanese car factory with the British Leyland 

factory. He found that the productivity per man in Japan 

is f o u r  times g r e a t e r  t h a n  in B r i t i s h  L e y l a n d  a n d  it 

probably will double within the next 5 years. 
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However, precise p r o d u c t i v i t y  c o m p a r i s o n s  a r e  h a r d  

t o  f i n d .  I n  s u r v e y s  t h a t  compare car  m a n u f a c t u r e r s  

a c c o r d i n g  t o  u n i t s  t u r n e d  o u t  per worker,  J a p a n  i s  shown 

t o  h a v e  a n  e m b a r r a s s i n g l y  l a r g e  l e a d  o v e r  b o t h  Amer ican  

and  European  compan ies .  Bu t  t h e  c o m p a r i s o n  i s  c r u d e  and 

i n e x a c t  b e c a u s e  much o f  t h e  work d o n e  i n s i d e  t h e  f a c t o r y  

i n  o t h e r  n a t i o n s  is d o n e  i n  J a p a n  o u t s i d e  t h e  p l a n t ,  

b y  s u b c o n t r a c t o r s .  

a 

J a p a n  u s u a l l y  i s  acknowledged  t o  52 f a r  i n  f r o n t  o f  i t s  

competi tors  i n  o n e  of t h e  major i n g r e d i e n t s  of p r o d u c t i v i t y :  

i n v e s t m e n t  i n  new a u t o m a t e d  e q u i p m e n t .  I t  may o r  may 

n o t  h a v e  a l e a d  i n  t h e  s c i e n c e  and  e n g i n e e r i n g  of  

r o b o t i c s ,  b u t  i t s  a p p l i c a t i o n  of t h e s e  i n v e n t i o n s  i s  

w i d e s p r e a d .  F a i t h  i n  t h e  v a l u e  of new e q u i p m e n t  and 

computers i s  a c a r d i n a l  p r i n c i p l e  in J a p a n .  

T e c h n o l o g y  p r o v i d e s  t h e  b a s i s  f o r  c h a n g e  i n  a n a t i o n ' s  

p r o d u c t i v e  process  which  r e s u l t s  i n  h i g h e r  p r o d u c t i v i t y .  

T e c h n o l o g i c a l  p r o g r e s s  works t h r o u g h  a s e q u e n c e  t h a t  s t a r t s  

w i t h  r e s e a r c h  and d e v e l o p m e n t  ( R & D ) ,  t h e n  uses R&D r e s u l t s  

f o r  i n n o v a t i o n ,  and f i n a l l y  c u l m i n a t e s  i n  new c a p i t a l  

e q u i p m e n t  and processes which  i n c o r p o r a t e  t h e  b e n e f i t s  of  

R & D  and  i n n o v a t i o n .  
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A l l  t h r e e  a s p e c t s  of  t echno logy- -R&D,  i n n o v a t i o n ,  a n d  

c a p i t a l  i n v e s t m e n t - - u n f o r t u n a t e l y  h a v e  s u f f e r e d  d e c l i n e s  

or s t a g n a t i o n .  F o r t u n a t e l y ,  t h e  n e w s  m e d i a  a n d  o t h e r  

i n f l u e n c e s  h a v e  a r o u s e d  a n  a w a r e n e s s  of t h i s  d e c l i n e .  

B e c a u s e  o f  t h i s  a w a r e n e s s ,  r e v e r s i n g  t h e  N a t i o n ' s  

d e c l i n i n g  t e c h n o l o g i c a l  s t r u c t u r e  i s  a t  i s sue  t h a t  h a s  

r e c e i v e d  much a t t e n t i o n ,  a n d  i t  appea r s  t h a t  s o n e  n e e d e d  

c h a n g e s  a r e  coming  i n t o  b e i n g .  

One of  t h e  f i r s t  a n d  f o r e m o s t  is  r e v e r s i n g  t h e  

d e c l i n i n g  e m p h a s i s  on  r e s e a r c h .  N e w  p r o g r a m s  a n d  i n c r e a s e d  

f u n d i n g  f o r  s c i e n t i f i c  r e s e a r c h  a n d  d e v e l o p m e n t  were pro-  

posed b y  t h e  E x e c u t i v e  B r a n c h  i n  t h e  proposed Fede ra l  b u d g e t  

f o r  f i s c a l  year  1 9 8 1  ( F Y 8 1 ) ,  b e g i n n i n g  i n  O c t o b e r  1 9 8 0 .  T h e  

b u d g e t  r e f l e c t s  t h e  i n n o v a t i o n  c o n c e r n s  of t h e  A d m i n i s t r a t i o n .  

P r e s i d e n t  Car te r  s a i d  i n  h i s  budge t  m e s s a g e  t o  C o n g r e s s  o n  

J a n u a r y  28 t h a t  t h e  b u d g e t  c o n t i n u e s  t o  " r e v e r s e  t h e  t r e n d s  

of t h e  l a s t  two d e c a d e s  a n d  p r o v i d e  f o r  major a n d  s u s t a i n e d  

i n c r e a s e s  - above t h e  r a t e  of  i n f l a t i o n  - f o r  research  a n d  

d e v e l o p m e n t  p r o g r a m s . "  T h e  new F e d e r a l  b u d g e t  r e f l e c t s  a n  

i n c r e a s e  i n  s c i e n t i f i c  r e s e a r c h  a n d  d e v e l o p m e n t  o f  1 2  p e r c e n t  

f o r  F Y  1 9 8 1 .  P r e s i d e n t i a l  s c i e n c e  a d v i s o r  D r .  F r a n k  P r e s s  s a y s  

t h a t  t h e  1 2  p e r c e n t  f i g u r e  t r a n s l a t e s  t o  a 3 percent  r e a l  

g r o w t h .  
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The use of engineers and conputers in research and 

development and other functions faces an increased role in 

the new budget and in future years. The Office of Hanagement 

and Budget reports that Federal (R&D) expenditures for 

FY 81 are expected to total over $5 billion, a $ 4 4 5  million 

increase over FY 80. 

A combination of three Federal ag2ncies will attempt to 

encourage industrial innovation and productivity over the 

long tern in new initiatives in the areas of computers, 

automobiles and energy. Ir! the computer area, special 

efforts will be undertaken in 1981 by the Department o f  

Defense and the National Science Foundation to increase 

the strength of experimental computer science in academic 

institutions with a $6 million program. There will be an 

interagency effort to study microelectronics and submicron 

science and technology in a $51 million government program 

in very large-scale integration technology. 

In the area of capital investment, the advice and 

assistance of the private sector was unquestionably key in 

the passage of  the Revenue Act of  1978-which encourages 

capital investment through a reduction in corporate tax 

rates, an improvement in the investment tax credit, and a 

reduction in the capital gains tax. 

Even more directly in the arena of cooperative efforts, 

several agencies have programs that are worth noting. 

16 



The Department of  Comerce has developed a Rurnber  of 

approaches to help private sector productivity. The 

domestic policy review, initiated a year ago, specifically 

called on private sector "experts" from outside Kashington 

to deal with the apparent slowdown in industrial innovation 

in the United States. 
01 

Commerce's Cooperative Technology Program intends to 

use a similar approach. With the Department of Commerce 

acting as a catalyst, researchers in industry and academia 

will be brought together to resolve connon technological 

problems in order to help speed up the innovat'ion process. 

The key mechanism in this program wGuld be the establish- 

ment of a cooperative technology center, by joint action, 

as a not-for-profit corporation to carry out R & D  and 

innovation. This program is like the 1975 proposal for 

a national institute to develop and share computer soft- 

ware in the Engineering field. 

Another example: Some Department of Energy cooperative 

projects are showing promise toward improving coal extraction 

productivity. 

working together to develop a shaft boring machine which 

will impressively reduce the time required to bring a nine 

into production. 

The Department and private companies are 

These cooperative efforts are in the right direction--and 

more are necessary. Perhaps we should look  again at the 
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need  f o r  a t e c h n o l o g y  c e n t e r  t o  d e v e l o p  and s h a r e  computer  

s o f t w a r e  i n  t h e  c i v i l  e n g i n e e r i n g  f i e l d .  T e c h n o l o g i c a l  

g r o w t h  is  t o o  i m p o r t a n t  t o  t h e  N a t i o n  t o  be allowed t o  

f l o u n d e r  because of t h e  complexi t ies  of t h e  modern economic  

e n v i r o n m e n t .  These  c o m p l e x i t i e s  c a n  b e  a d d r e s s e d  o n l y  

t h r o u g h  t h e  p a r t i c i p a t i o n  o f  b o t h  Governiaent and t h e  p r i v a t e  

s e c t o r .  
P 

CONCLUSfON 

E n g i n e e r s  have  d e s i g n e d  t h e  equ ipmen t  and improved t h e  

t e c h n i q u e s  t h a t  h a v e  s t e p p e d  u p  o u r  p r o d u c t i v i t y .  The 

e n g i n e e r  t r a n s l a t e s  s c i e n t i f i c  p r i n c i p l e s  i n t o  work ing  

t e c h n o l o g y  and  m o d i f i e s  t h e  t e c h n o l o g y  t o  accommodate 

human and  mater ia l  r e s o u r c e s .  E n g i n e e r s  a r e  p r o d u c t i v i t y  

c h a n g e  a g e n t s .  I t  is h a r d  t o  o v e r e s t i m a t e  t h e  c o n t r i b u t i o n  

t h a t  t h e  e n g i n e e r i n g  p r o f e s s i o n  h a s  made t o  t h e  p e r f o r m a n c e  

o f  o u r  economy and t o  t h e  w e l l - b e i n g  o f  t h e  U n i t e d  S t a t e s .  

The r e a l i t i e s  t h a t  w e  i n  t h e  U n i t e d  S t a t e s  f ace  a s  

w e  e n t e r  t h i s  d e c a d e  r equ i r e  a n  e v e n  g r e a t e r  c o n t r i b u t i o n  

from g r o u p s  s u c h  as y o u r s .  R i g o r o u s  and c o n c e r t e d  e f f o r t s  

from a l a r g e  number of e n g i n e e r i n g  d i s c i p l i n e s  w i l l  be 

r e q u i r e d  t o  h e l p  u s  u s e  a l l  O U L  s c i e n t i f i c  and t e c h n o -  

l o g i c a l  know-how more e f f i c i e n t l y ,  and  t o  b e t t e r  d e v e l o p  

new and i n n o v a t i v e  ways t o  do t h i n g s .  I f  the U n i t e d  S t a t e s  

i s  t o  i n c r e a s e  i t s  i n n o v a t i v e n e s s  and  improve i t s  i n t e r -  

n a t i o n a l  c o m p e t i t i v e  p o s i t i o n ,  e n g i n e e r s  m u s t  d e v e l o p  and 
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u s e  more c o m p u t e r . m e t h o d s  t o  compe te  i n  t h i s  a r e n a .  T h i s  

i s  t h e  f r e e  e n t e r p r i s e  r e s p o n s e  t o  i n t e r n a t i o n a x  c o z q e t i t i o n .  

I f  e n g i n e e r s  a re  t o  r e s p o n d  to t h e  c h a l l e n g e s  of t h e  

e i g h t i e s ,  t h e y  mus t  improve  t h e i r  c a p a b i l i t i e s  and  u s e  t h e i r  

computer r e s o u r c e s  w i s e l y .  T h i s  r e q u i r e s  t r a i n i n g  and  

c o o p e r a t i o n .  A m b i t i o u s  and  e x t e n s i v a  a s  t h e  c u r r e n t  e f f o r t s  

a r e  t o  improve  t h e  u s e  of c o m p u t e r s  i n  c i v i l  e n g i n e e r i n g  

p r o j e c t s ,  much r e m a i n s  t o  b e  done .  Deve lop ing  more coinputer  

s o f t w a r e  f o r  t h e  p rac t ice  o f  c i v i l  e n s i n e e r i n g  alor tg  w i t h  

t r a i n i n g  of t h e  c u r r e n t  s t a f f  w i l l  be a l o n g  and a r d u o u s  

t a s k .  Much a l s o  r e m a i n s  t o  b e  d o n e  to b r i n g  the enormous  

power of t o d a y ' s  c o m p u t e r s  t o  t h e  c i v i l  e n g i n e e r s  who work 

f o r  small  e n g i n e e r i n g  f i r m s .  I u r g e  you t o  work d i l i g e n t l y  

a t  t h i s  c o n f e r e n c e  t o  exchange  i d e a s  and  i n f o r m a t i o n  a b o u t  a l l  
z ~ ~ 

p o s s i b i l i t i e s  of a p p l y i n g  c o m p u t e r s  t o  t h e  e n g i n e e r i n g  f i e l d .  

Thank you .  
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